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Optical Continuum Variability of the Active Galaxy Mrk 279 - 
Implications for Different Accretion Regimes 
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Abstract. We present results from a recent broad-band monitoring in optics of the Seyfert 1 type galaxy Mrk 279. We build 
and analyse the BVRI light curve covering a period of seven years (1995 - 2002). We also show some evidence for the 
existence of two different states in brightness and suggest, based on a modelling of the optical continuum, that these states 
may result from transition between a thin disk and an ADAF accretion modes. We assume that the short-term variability 
is due to a reprocessing of a variable X-ray emission from an inner ADAF part of the flow, while the long-term one may 
be a result from a change of the transition radius. Our tests show a good match with the observations for a reasonable set of 
accretion parameters, close to the expected ones for Mrk 279. 
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1. Introduction 

The continuum variability is a well-known feature of many 
Active Galactic Nuclei (AGNs). It is usually thought that 
the variability of radio-quiet AGNs is connected to instabil- 
ities of the accretion flow, feeding the central supermassive 
black hole, unlike the case of blazars where similar varia- 
tions are usually attributed to processes in a relativistic jet 
JUlrichetal. 19971 [Kawaguchi & Mineshig eT999) . There- 
fore any knowledge about the continuum variations might 
shed some light onto the accretion process and respectively 
- the nature of the central engine of the active nuclei. Al- 
though many Seyfert galaxies are known to be variable, the 
variability of only a few of them has been studied inten- 
sively so far, which is our motivation to begin a program 
JBachev et al. 2000T > for optical monitoring of selected ob- 
jects. 

In this paper we present the results of a broadband B, 
V, R c and I c monitoring of the radio-quiet active galaxy 
Mrk 279. Mrk 279 is a relatively bright V^U m spiral 
(SO), Seyfert 1 type galaxy, for which both continuum and 
emission-line profiles are known to vary in time ( Stirpe 1991 
ISantos-Lleo et al. 200 1> . Combining the results from the 
reverberation mapping, which give a broad line region 
(BLR) radius of about 12-17 light days JMaoz etal. 19901 
ISantos-Lleo et al.20 01 1, and the width of the broad emission 
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lines (about 6000 km/ s), the mass of the central object can 
be inferred - M BH ~ 10 8 M Q JHo 1998I I. This mass and 
the nuclear bolometric luminosity of about 10 45 erg/ s give 
a rough estimate of the accretion rate of 0.01-0.1, measured 
in Eddington units (see also Bian & Zhao 2003 1. Since later 
we will propose that most probably two different accretion 
modes (Advection Dominated Accretion Flow - ADAF - 
and a thin disk) operate in this object, we point out here that 
this rate is rather close to the critical accretion rate of the tran- 
sition between an ADAF and a thin disk accretion regimes, 
which is in general assumed to be of the same order - 0.01- 
0.1 ( |Narayan et al. 1998) . 

This paper is organised as follows: observations and re- 
ductions are presented in Sect. 2; in Sect. 3 we present some 
evidence for different states in brightness; Sect. 4 compares 
different variability scenarios and shows the results of the 
continuum modelling, under the assumptions of a change of 
the accretion disk structure. Sect. 5 is the discussion and we 
present our conclusions in Sect. 6. The table containing the 
BVR C I C magnitudes of Mrk 279 is given in the Appendix. 



2. Observations and reductions 

The major part of the observations were performed with 
the 0.6-m telescope of the Observatory of Belograd- 
chik, Bulgaria, equipped with SBIG ST-8 CCD camera 
and Johnson-Cousins BVR C I C filters (Ba chevetal. 19991 
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IBachev et al. 2000t . A few data points (JD 2450000+: 
2066.3, 2096.3, 2099.3) were obtained using the 1.3-m tele- 
scope of the Skinakas Observatory, University of Crete, 
Greece, equipped with a Photometries CH 360 CCD camera. 

The monitoring covered a period of five years (July 1997 
- June 2002). Standard aperture photometry was performed 
in order to estimate the AGN magnitudes. Star A and star 
C, whose magnitudes and finding charts can be found in 
IBachev et d. "20001 were used as the main standard and as a 
check respectively. The £?-band magnitude of the main stan- 
dard, not published in the paper cited above, was additionally 
calibrated - B = 13 m 08. 

BVR C I C magnitudes of Mrk 279 were measured in 66 
observational epochs and are given in Table 1 (Appendix). 
The typical sampling interval was several days with the ex- 
ception of a few larger gaps. For each observational point at 
least two CCD frames in each filter were taken, with a typ- 
ical exposure time of 120 sec. During the observations the 
seeing was usually 2-3", which presumably did not affect the 
aperture photometry, performed in a much larger diaphragm 
(16"). The standard errors of the differential photometry are 
typically below 0™02 (about m 05 for /3-band). The object 
showed significant variability during the observational period 
(Fig. 1) with time scales starting from 1 day. Short-term (1- 
4 hours) variations were searched extensively for more than 
a total of 20 hours in V and /-bands, but were not detected 
above the limit of the photometric errors. 

We used, in addition, recently published results 
on monitoring of Mrk 279 in optics and near-IR 
JSantos-Lleo et al. 2001l >. Except spectroscopically, the 
object was also monitored in BVRI bands with the 1-m 
telescope of Wise Observatory using a 7" diaphragm. 
Although not scaled to any photometric system, we were 
able to use these broad-band magnitudes for our purposes by 
fitting smooth curves to both data sequences and comparing 
these two fits in an overlapping observational epoch. Thus 
we obtained the following relations between our magni- 
tudes and those from the Wise Observatory observations 
(ISantos-Lleo et al. 200H : 

-Bour = -Bwisc + 0.50, 

V OUI = Vwisc + 1-38, 

Rout = -Rwisc +0.91, 
-four = -?Wiso + 0.33, 

with a typical error of these transformations of about 
0™03. After rescaling the Wise data we built a combined 
light curve, covering an observational period of about seven 
years (Fig. 1). 

3. Evidence for different states in brightness 

The U-band light curve of the monitored AGN is shown in 
Fig. 1. The variations in other bands occurred with no de- 
tectable time lags (less than 1 day), which, in addition to the 
rapid changes of brightness, restricts the dimension of the re- 
gion producing the bulk of the variable part of the contin- 
uum to about 1 l.d. (or about 100 Rq in this case, R& = 



2GA/bh/c 2 ). Using the obtained light curve, we find some 
arguments that the object shows signatures of two different 
states in brightness. These arguments can be summarised in 
the following way: 

3.1. Magnitude histograms 

The distribution of the magnitude points (over 80 in total) is 
most likely bimodal, with a clear gap at y«13™90 where no 
observational points can be found (Fig. 2). Statistically, the 
presence of such a dip is quite unlikely if a Gaussian distri- 
bution of the sample is assumed. The Gaussian distribution 
hypothesis can be ruled out on the 95% probability level (at 
least for R and /-bands), as our analysis shows. 

Surprisingly, the gap is best seen in /-band and is ab- 
sent in Z?-band. This result cannot be attributed to the pho- 
tometric errors only, which indeed increase toward shorter 
wavelengths. Most likely this gap indicates the presence of 
two types of variability: long-term (ss 100 days) variations 
responsible for the transitions between the states, and short- 
term (1-10 days) variations. If so, the variability amplitudes 
must depend on the colour in different ways for the short and 
the long-term variability, producing the magnitude distribu- 
tion picture shown. 

3.2. Colour-magnitude diagram 

There is a slight but well detectable jump in the colour- 
magnitude relation (Fig. 3) at the point where the transition 
between the states is expected, indicating that the physical 
processes, responsible for the continuum emission, proba- 
bly change during that transition. Note that the magnitudes 
shown here (V and /) cover wavelength areas, which are 
generally located out of the places where strong (and pre- 
sumably variable) emission lines are present, i.e. we observe 
and analyse only the continuum variability. In fact, a similar 
jump is observed for the other colours as well, but it becomes 
more evident with the increase of the wavelength difference. 
From a statistical point of view, the transition process should 
be relatively fast, based on the absence of magnitude points 
around the jump, while the adjacent areas are heavily popu- 
lated (Fig. 3). Our interpretation is that this is possibly a man- 
ifestation of a two-state behaviour. Possible observational er- 
rors could hardly account for the jump (see Fig. 3 for details). 

3.3. Structure Function 

In order to find further arguments in favour of the two- 
state behaviour of Mrk 279, we invoke the first-order Struc- 
ture Function - SF idi Clemente et al. 1996i . This func- 
tion is similar to the power density spectrum in some 
sense, but it is easier to build for an unevenly spaced 
data. For the AGN case, the SF is usually characterised 
by a saturation time r var , after which the SF, initially ris- 
ing with a slope of 0.3-0.7 ( |Kawaguchi & Mineshige 1999| 
Collier & Peterson 2001 ), begins to turn over and remains 
nearly a constant. At timescales grater than the saturation 
time, r var , the amplitude of the variations does not increase, 
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Fig. 1. V-band light curve of Mrk 279. Magnitudes are measured in 16" diaphragm. The filled squares are Wise Observatory 
magnitudes and the rombs are our data. The dashed line represents a possible division between two different states (see also 
Fig. 3). 



indicating that r var is probably associated with some of the 
timescales of the physical processes driving the variability. 

In order to search for differences in the nature of the 
short-term (1-10 days) and the long-term variability (« 100 
days), we build SF' s separately for the lower and the higher 
state. These functions are based on 30 and 18 observational 
points respectively (Fig. 4) and cover the periods where the 
object has been most intensively monitored. Although there 
is a significant scatter, we see indications that the nature of 
the variability may really be different for these two states. 
In particular, the saturation time (T var ) appears to be much 
shorter for the higher state (about 5 days) than for the lower 
state (about 20 days), Fig. 4. 

4. Modelling the continuum variability 

In this section we consider several schemes that can, in princi- 
ple, account for the observed variability picture and elaborate 
the possibility that a change of the accretion disk structure is 
primarily responsible for the bimodal behaviour. 

4.1. Accretion disk structure changes 

We adopted a simple model to test the possibility of reproduc- 
ing the observed variability. The accretion flow is assumed to 
consist of an inner advection part operating at r < Ru- and an 
outer, thin-disk part at R tI < r < i? ou t- The thin disk emits 
as a blackbody in optics. The inner optically thin ADAF is as- 
sumed not to contribute to the optical continuum itself, but its 
hard X-rays might irradiate the outer part, increasing the tem- 
perature and producing some extra optical flux there. Since 
the short-term variations occur on time-scales of about a day, 
we accept that they are produced by variations of the cen- 
tral X-ray emission, reprocessed by the outer parts in optics. 



The geometry of the central X-ray emitting region is taken, 
in our simple model, to be a uniform sphere with radius R tr . 
In such a case, the bulk of the emission will come from a 
typical height H s = 4i? tr /37r above the disk. A more real- 
istic geometry might be more relevant, but we believe it will 
not change the results much. As one can show, the absorbed 
X-ray flux at a given radial distance (F x ) is roughly propor- 
tional to the product of H s and L x , and we consider L x as a 
free parameter anyway (see below). Furthermore, any specific 
geometry could hardly be justified, so we adopt the simplest 
case. Any flaring and possible warping of the disk were ne- 
glected. We assume that the switch between the states is due 
to a relatively fast change of the transition radius between two 
metastable positions (i?i and R2), which can occur for some 
critical accretion rate - m cr (see below). 

We take R tI , R ou t, L x , Mbh and m to be free parameters 
(fa is the accretion rate expressed in Eddington units). We 
run a series of tests changing these parameters within some 
reasonable limits (Zo# (Mbh) = 6 — 9, to = 0.001 — 1, i?tr = 
3 — 200Rq). Our goal is to find a set of parameters that will 
reproduce our data well. To test our scheme we have to find 
out if the following will be fulfilled: 

1 . The adopted scheme could in principle reproduce the ob- 
served variability - time-scales, colour trends, jumps, etc. 
only by changing R tI and L x for given Mbh an d ™- 

2. The best working set of parameters found will be close to 
those already adopted for this object (see Sect. 1). 

3. These parameters will be non-contradictory in between 
and consistent with the theoretical predictions. 

In other words we try to find out if a non-contradictory 
accretion disk structure can account for the observed optical 
variability. 
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Fig. 2. Brightness histograms for B, V, R and /-bands respectively. The bimodal distribution is clearly seen (except for B- 
band). The histograms are based on both - our data and the Wise Observatory data. A few observational points where the 
object was very faint are not used. 



The effective temperature of the disk is 
T(r) = T G (r)[l + F x (r) / (<tTg (?") 4 )] 1//4 K. This 
is the standard thin disk effective temperature, 
T G (r) = 3.510 7 [m/(V i Mmrr 3 ')l 1 / 4 K JFrank et al. 2002t . 
corrected for the absorbed X-ray flux coming from the 
central ADAF. Here the radial distance r is expressed 
in Rq\ the accretion efficiency is taken rj — 0.1. Thus, 
by assuming a blackbody radiation, we get for the overall 
emission at frequency v to be F v ot J^° ut B y {r)rdr; B v (r) is 
the Planck function. This flux can be consequently converted 
into magnitudes in order to be compared with the real 
observations. 

Although one may think that there are many different sets 
of parameters that would be able to reproduce the observa- 
tions equally well, the results from our tests indicate other- 
wise. For instance, to reproduce the overall colour-magnitude 
trend we had to restrict £o<?(Mbh) > 7 and m < 0.1 for 
any reasonable R tI ; otherwise, the slope turned out to be too 
steep, meaning an almost non-chromatic variability. We have 
to say that, in general, we failed to reproduce the colour jump 
in the way it was observed for any reasonable values of the 
parameters and i? ou t = oo. The lower (corresponding pre- 
sumably to a large R tI ) part of the colour-magnitude relation, 
appeared to be shifted to the red in respect to the upper part, 
which is exactly the opposite of what we see. We succeeded, 
however to get approximately the "right" jump pattern by re- 
ducing significantly i? ou t to 100 - 120 Rq- As we will see in 
the next section, such a low value for the outer boundary of 
the accretion disk is not entirely unrealistic from a theoretical 
point of view. 



Fig. 5 shows two solutions for m = 0.01 and log(MBu) 
= 7.5 and 8 respectively. The central X-ray flux L x , respon- 
sible for the short-term variations, is still a free parameter, 
but is limited in a way that will not allow the absorbed (and 
re-emitted) flux to dominate in the total optical flux from the 
disk. The R tI changes between i?i = 20i?c an d R-2 — 50Rq 
during the transition between the states. This choice is an 
empirical one, results from many tests, and provides a max- 
imal separation between the states (see also Fig. 3), reach- 
ing nearly the observed one, without requiring unrealisti- 
cally high i?2. Other choices either would show no signifi- 
cant discontinuity in the colour-magnitude relation or a rela- 
tively much redder lower part, contrary to what was observed. 
Smaller values of R\ seem to work somewhat worse but still 
acceptably well. 

In other words we find that these two parameter sets (see 
above, also Fig. 5) reproduce the variability pattern best and 
are among the few that work at all. 

Let us now see if the adopted set of parameters is phys- 
ically relevant and intrinsically non-contradictory. First, one 
notices that the Mbh and m values are indeed quite close 
to what we expected (Sect. 1). We also note that the satura- 
tion times (Sect. 3.3) are in very good agreement with the 
Keplerian times (or free-fall times) for about 20 and 50 Rq 
- respectively 4.5 and 18 days for log(M-Qu) = 8. The sig- 
nificance of this fact is discussed in the next section. 

In addition, to be able to account for a transition between 
the states, the accretion rate has to be close to some critical 
value m cr , where an intermittent transition between the ac- 
cretion modes would eventually occur. In fact, most theoret- 
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Fig. 3. The relation between the colour (V — I) and the V-band magnitudes of Mrk 279. A jump in the relation is clearly seen. 
The thick lines are to guide the eye. The filled squares are the Wise Observatory magnitudes and the rombs are our data. The 
dashed line shows the division between the two states. The large ellipse at the lower left corner of the picture indicates the 
area that contains about 67% of all V vs. V — I points for the check star, measured in respect to the main standard. As such, it 
it is an estimate of the photometric errors. The smaller ellipse is a similar prediction for the variable AGN, taking into account 
the much better statistics we get for it. It is seen that the two-state behaviour is highly unlikely to be due to photometric errors. 



ical approaches (Esi n et al. 19971 |R6zanska & Czerny 2000 1 
predict a discontinuous change of the transition radius 
for some certain (critical) accretion rate. In their model, 
Rozanska & Czerny (2000) find m cr «0.07(a .i) 3 - 3 , and we 
adopt their result, but other models might have different m cr 
(see the same paper for a comparison). Due to the strong de- 
pendence on the viscosity parameter (ao.i = a/0.1), one can 
easily get m cr = 0.01, without requiring unreasonable val- 
ues of a (a = 0.05 in that case). The same model predicts 
(for such m and a) a discontinuous change of R tr between 
3i?c an d ^25i?G- These values are slightly different from 
what we find (20i?c and 50i?c resp.), but a perfect match 
can hardly be expected since neither of the models producing 
these results could claim perfection. 

4.2. Microlensing 

Another reasonable possibility that could have a chance to 
explain the complex variability picture is a microlensing 
event that produces a discontinuity in the light curve. Within 
this explanation, the colour changes are not entirely unex- 
pected since only a part of the disk might be magnified 
JYonehara et al. 1999i . The duration of the upper state (about 
a year) is not unreasonable as well. The microlensing model 
faces some difficulties, however. It is hard to explain, for 
instance, the change of the saturation time (Sect. 3.3). One 
would also expect a gradual rise and fall of the light curve, 
while we see quite "flat" upper state (Fig. 1). Furthermore, the 
colour changes have to be more gradual as the lensing body 
passes over different parts of the disk (the disk temperature 
changes gradually), but this is not the case here. Although a 



microlensing event cannot be entirely ruled out, all the diffi- 
culties mentioned above seem to favour the former, accretion 
disk structure changes possibility. 

4.3. Star disruption 

Star disruption near the black hole has been invoked some- 
times to account for the feeding of the central engine. Recent 
detailed models indicate however, that such an event should 
be rare {10~ 4 ~- 6 yr~ 1 ) and cannot be the primary source of 
accreting gas (see lUlmer 1999l for a review). Still it might, in 
principle, take place and eventually account for the two-state 
character of the light curve of Mrk 279. However, this sce- 
nario, as the previous one, encounters significant difficulties 
that make it unlikely: 

1. The rather flat upper state is not expected. Instead, the 
brightness should decrease as a power low ( i~ 5 / 3 ), as 
the models show. 

2. The colour changes should not be as they were observed. 
The brightness temperature of a standard thin disk is 
about 3-5000 K (assuming F^oci/ 1 / 3 ) for the optical - 
near IR region, while the accreting disrupted material will 
have a temperature of about 10 5 K or more fljlmer 19 99). 
Therefore the upper state should appear relatively bluer 
not relatively redder in respect to the lower state, which 
is contrary to what the observations show. 

3. In addition to the fact that this event is found to be very 
rare, it is worth mentioning that the black hole of such 
a mass (1O 8 M0 - Sect. 1), would rather swallow a So- 
lar type star than disrupt it, i.e. somewhat lower A/bh is 
needed for the process to be effective. 
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Fig. 4. The SFs for the upper state (based on 18 points) and the lower state (based on 30 points, starting immediately after 
the high state). It is important to note that the saturation time scale is very short, in order of several days. Furthermore this 
time is different for the lower and the higher states - resp. 20 and 3-5 days. 



4. Again, as in the previous case, the change of the satura- 
tion time will hardly be explained. 

5. Discussion 

Although none of the arguments presented in Sect. 2 alone 
can be convincing enough, altogether they give us confi- 
dence to conclude that the two states mentioned previously 
are probably real, and are not due to a small number of obser- 
vations, photometric errors or just serendipity. Such a two- 
state variability has not been reported for the AGNs so far, 
however most of them have not been monitored long enough 
in different colours. We also note an interesting X-ray anal- 
ogy, reported by |Lu & Yu (1999)1 They find an "Ionising lu- 
minosity - X-ray spectral index" relation for many X-ray 
sources, which is remarkably similar to our optical colour- 
magnitude diagram (Fig. 3) built for one but variable source. 
|Lu & Yu (1999)| interpret their result in terms of the thin disk 
- ADAF paradigm, assuming that for some certain accretion 
rate the thin disk mode switches to an ADAF mode. In their 



work the accretion rate value, represented by the ionising lu- 
minosity, is assumed to determine the accretion regime. Simi- 
larly, we think that the best explanation for the observed two- 
state behaviour of Mrk 279 should be searched in a change of 
the transition radius (i?tr) between an inner ADAF (or any 
other type low-radiative solution - CDAF, ADIOS) and an 
outer thin disk (the radius moves inward from the lower to 
the higher state). 

The exact variability pattern can hardly be reproduced by 
any simple theoretical scheme. Nonetheless, we have shown 
(Sect. 4) that an accretion disk structure, consisting of an in- 
ner X-ray variable ADAF section, and an outer thin disk 
with variable transition radius can reproduce the variability 
pattern well - both the short and the long term variations, as 
well as the colour changes. In order to be successful, such 
a scheme imposes certain restrictions on the main governing 
parameters - Mbh, m, Rt r , Rout, ol. We found that all these 
parameters are in a good agreement in between, according to 
the theoretical predictions. The assumption of a variable R tI 
is not unusual. It is actually required for NGC 5548 as sug- 
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Fig. 5. Results from the continuum variations modelling - (V — I) colour vs. V^-magnitude (relative units used). Here rh = 
0.01, i? ou t = 100i?c an d L x is a free parameter, which changes produce the short-term optical variability (the thick lines). 
Each point along the curves represents a change of log(L x ) by 0.05, the full range of change of L x is the same for both curves. 
The two curves shown are for different R tI - 20 (the upper one) and 50 (the lower one) Rq. The upper picture is for a black 
hole mass log(M&ji) = 7.5, the lower one - log{MsH) = 8. These two solutions are found to mimic best the true variability 
picture (Fig. 3). 



gested by |Chiang & Blaes (2003)| who performed very simi- 
lar modelling of the continuum of that object. 

The only clear problem with the scheme we propose is 
that the outer thin disk has to be truncated closer to the centre 
than one would normally expect, i.e. at about 100i?c- How- 
ever such a small-scale disk is not necessarely irrelevant. One 
reason is that a thin disk is a subject of selfgravitation in its 
outer parts (see for details ICollin & Hure 2001IICollin"2 001 1. 
The selfgravitating part of the disk will eventually transform 
into distinct selfgraviting clouds, which if irradiated from the 
centre, will produce line emission rather than continuum. It 
has been proposed, indeed, that the sefigraviting part of a thin 
disk is the place where the broad lines originate. Some re- 
cent results actually suggest that the BLR should exist at a 
distance where an optically thick disk is already not present. 
|Rokaki et al. (20 03) for instance, find that sources pointed 
almost face on with respect to the observer will still reveal 
broad non-shifted emission line profiles. This fact rules out 
the possibility that the major part of the emission is coming 
from a disk or any structured flow (inflow, outflow) above an 



optically thick disk. The disk is ruled out since the profiles 
are too broad for a face-on orientation; the inflow/outflow 
is ruled out since we will not be able to see the far side of 
the region and the profiles will appear shifted. The only re- 
maining possibility is a motion of clouds, with probably a 
flattened distribution, at a place where the disk does not ex- 
tend; otherwise the clouds will strike the disk and will likely 
be destroyed. A good candidate for such a region is indeed 
the selfgravitating outer region of a thin disk. The significant 
breadth of the lines as well as the very broad line wings of- 
ten observed suggest that such a region could start as close 
as 100 Rq. Note that, if this is correct, the line width will 
represent mostly the vertical velocity dispersion for a face-on 
orientation, rather than the Keplerian velocity, which would 
lead to underestimates of the black hole masses based on the 
broad line velocity. 

Let us consider the results from recent numerical compu- 
tations for the radius at which the disk becomes selfgravit- 
ing - i?sGi summarised by Collin (2001). They find R§q ~ 
500i?c for 1O 8 M0 and m = 0.01, but the transition radius 
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actually gets smaller when a is less than the canonical value 
of 0.1, which seems to hold here, based on the requirement 
m cr ~ 0.01 (see Sect. 4.1). Other uncertainties, such as the 
exact value of the Toomre parameter Q, can also alter (and 
eventually further reduce) Rsg> making it quite close to the 
value we get for i? out . 

We would also like to emphasise the connection be- 
tween the Keplerian times at R\ and i?2, and the satura- 
tion times. Note that even though the brightness can change 
with a time interval as short as 1 day, the saturation of the 
variability amplitude may require a much longer time, close 
to T var (Sect. 3.3). It is tempting to connect the saturation 
time with instabilities of some sort taking place and pro- 
ducing variable X-ray emission at R tT , and therefore be- 
ing naturally associated with the dynamical timescale there. 
They can either be some quasi-periodic oscillations with the 
Keplerian frequency ( Gracia ^et al. 20031 . or "hot spots" of 
some sort originating at R tI and falling inside with an almost 
free-fall velocity (close to the radial velocity of an ADAF) 
as described by Kawagu chi & Mineshige 199 9 in their disk- 
instability model. In both cases the saturation should occur at 
a timescale close to the dynamical one at Ru - 
in addition, it has to be pointed out that no stable solution 
providing a transition between an outer thin disk, and an inner 
ADAF has been found so far, what indirectly suggests that 
instabilities of some sort might occur at the transition radius, 
as we suggest based on our findings. Due to a scarce sampling 
for the object we monitored, we can estimate only the up- 
per limit for the duration of the transition process. It is about 
100 days but in fact, the real transition can be much shorter. 
Most probably this time should be associated with the ther- 
mal time scale of a thin disk (see Dubus 2002 for a review). 
Although it is not clear what triggers the transition process 
and switches between the regimes, it can be speculated that 
some small changes of accretion rate about the critical value 
can produce the observed picture. In fact, the estimated ac- 
cretion rate of Mrk 279 is rather close to that critical value 
as we mentioned above. The transition between the accretion 
regimes, connected with a jump in accretion efficiency, can 
result in the dip in the brightness histogram that we observe 
(Fig. 2). 

An ultimate test to the model we propose to account for 
the overall picture of variability of Mrk 297 could be pro- 
vided by a hard X-ray monitoring, if such were performed. 
Our results suggest on average about 2-5 times higher X-ray 
flux during the lower ADAF state (for similar U-band mag- 
nitudes). 

6. Conclusions 

We describe the nature of Mrk 279's optical variability in the 
following way: the long-term variations (100-300 days) are 
dominated by the transition between the states. These varia- 
tions are probably caused by a change of the transition radius 
between an (inner) ADAF and (outer) thin disk state which 
is most likely due to a small change of the accretion rate 
around some critical value. The higher state is observed when 
the transition radius moves inward, increasing the area of the 



energetically more efficient outer thin disk. The short-term 
variability could be attributed to different sources. We sup- 
pose that it is connected to the processes (instabilities) that 
take place around the transition radius, resulting in smaller 
variability time-scale for the higher state. 

Other explanations, like gravitational lensing or star dis- 
ruption near the central black hole, can in principle also ac- 
count for the observations, but these scenarios face signifi- 
cant difficulties to match well the variability picture. Addi- 
tional EUV/X-ray data, if were available during the optical 
monitoring, can clarify the role of transition radius changes 
in cases like Mrk 279. 

We summarise the results of our work in the following 
way: 

1 . Using our observational data and data from the literature, 
we build seven-years optical BVRI light curve of the 
Seyfert 1 type galaxy Mrk 279. The typical errors of the 
photometry are about 0™02. 

2. Analysing the data we find arguments in favour of 
the possibility that Mrk 279 shows different states of 
brightness. They are characterised by different colour- 
magnitude relations and different short-term variability. 

3. We find that these states may result from a transition be- 
tween the thin disk and the ADAF accretion modes, as 
our modelling shows. This hypothesis does not confront 
the observational data. 

Finally, we would like to emphasise that such regular 
multicolour observations, even performed with the facilities 
of smaller observatories, can bring important information 
about the AGN variability. The physics of accretion flows is 
not yet well understood, and we think that such observations 
might help when the processes, taking place at the AGN cen- 
tres, are modelled. 
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Table Al. Magnitudes of Mrk 279 (our observations only) 
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Table Al. continued 
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